The presence and possible role of protein kinase C in the regulation of fowl sperm functions were investigated. Immunoblot analysis of sperm extract using antibody to protein kinase C revealed a crossreacting protein of approximately 80 kDa. As the concentration of the protein kinase C activators N-(6-phenylhexyl)-5-chloro-1-naphthalenesulfonamide (SC-9) or 1-oleoyl-2-acetylglycerol (OAG) was increased, the motility of intact spermatozoa at 30\ s=deg\ C was reduced. However, this inhibition of motility was reversed by reducing the concentrations of activators. Even in the presence of 1 mmol CaCl2 l \m=-\1, the addition of SC-9 and OAG inhibited the motility of intact spermatozoa. In contrast, the motility of demembranated spermatozoa was not inhibited by the addition of SC-9 or OAG at 30\s=deg\C.However, the addition of 1-(5-isoquinolinesulfonyl)-2-methylpiperazine dihydrochloride (H-7), a protein kinase C inhibitor, did not appreciably affect the motility of either intact or demembranated spermatozoa at 30\s=deg\C.At 40\s=deg\C,both intact and demembranated spermatozoa were almost immotile in the presence or absence of the activators or inhibitor. Intracellular free Ca2+ concentrations, measured by means of a fluorescent Ca2+ indicator, fura-2, gradually increased after the addition of SC-9 and OAG, but no changes were observed in H-7-treated spermatozoa. These results suggest that endogenous protein kinase C is present in the cytoplasmic matrix or the membrane, but is not retained in the axoneme, and that the activation of this enzyme may contribute to a decrease in the flagellar movement of fowl spermatozoa.
Introduction
In most biological systems where Ca2+ and cyclic AMP (cAMP) are second messengers, additional regulatory control is gained by protein kinase C exerting either a posi¬ tive forward effect or negative feedback control, or both (Nishizuka, 1986) . The protein kinase C family, a Ca2+-dependent and phospholipid-dependent kinase, consists of at least seven closely related subspecies. These subspecies differ in their distribution, regulation and enzymatic properties (Nishizuka, 1988) .
Recently, protein kinase C has been identified in ejaculated human and epididymal bovine spermatozoa (Rotem et al, 1990a; Chaudhry and Casillas, 1992 ). An immunohisto¬ chemical approach to protein kinase C localization in human spermatozoa revealed that protein kinase C is localized in the equatorial segment in a distinct band and also in the principal piece of the tail (Rotem et al, 1990a, b the postacrosomal region of the sperm head and a minor staining of the midpiece for the ß subspecies (Chaudhry and Casillas, 1992) . In contrast, Roldan and Harrison (1988) sug¬ gested that potentially active protein kinase C is not present in ram spermatozoa.
It has been reported that phorbol esters and diacylglycerol analogues, activators of protein kinase C, induce the acrosomal reaction in human spermatozoa (De Jonge et al, 1991) , enhance the zona-pellucida-induced acrosomal reaction in mouse spermatozoa (Lee et al, 1987; Endo et al, 1991) and stimulate human sperm motility (Rotem et al, 1990a, b Casillas, 1992) .
It is well recognized that flagellar motility of spermato¬ zoa may be controlled by a protein phosphorylationdephosphorylation system (for reviews, see Tash and Means, 1983; Brokaw, 1987; Lindemann and Kanous, 1989; Majumder et al, 1990) . We also suggested that cAMP-independent phosphorylation of a 43 kDa axonemal protein was likely to be a regulatory step in the maintenance of fowl sperm motility (Ashizawa et al, 1992b (H-7) and N-(6-phenylhexyl)-5-chloro-l-naphthalenesulfonamide (Fig. 1) . Effects of protein kinase C activators and inhibitor on the motility of intact and demembranated fowl spermatozoa
The vigorous motility of intact spermatozoa at 30°C was inhibited in a dose-dependent manner by the addition of protein kinase C activators such as SC-9 and OAG. In contrast, no inhibition of motility was observed following the addition of H-7, a protein kinase C inhibitor, within the range 0-1000 µ 1 "1 (Fig. 2) . At 40°C, the addition of activators or inhibitor did not appreciably affect the motility of intact spermatozoa, which was almost negligible (Fig. 2) . Figure 2 shows the motility of spermatozoa in SC- (Fig. 4a) . At 40°C, the motility of intact spermatozoa was negligible, but the motility was restored immediately after the addition of 1 mmol CaCl2 I . However, the subsequent addition of SC-9 and OAG inhibited the motility again (Fig. 4b) . In contrast, inhibition of motility was not observed under control conditions or by the addition of H-7 at 30°C or 40°C (Ashizawa et al, 1989b (Ashizawa et al, , 1992b (Ashizawa et al, 1994) motility. In the present study, the motility of intact spermato¬ zoa was negligible at 40°C, but was restored after the addition of Ca2+. However, the subsequent addition of 
